INTRODUCTION
Most cellular processes are carried out by multiprotein complexes. The identification of individual subunits is essential for understanding their function. To streamline the purification of protein complexes from cells, the TAP protocol was developed 1, 2 . It has been successfully applied to purify protein complexes from various organisms including bacteria, yeasts, plants as well as mammalian cells [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . We used the TAP protocol to purify proteins associated with murine Sgo1 protein 15 .
It is important to confirm that tag addition does not significantly affect the function of the tagged protein. In model organisms such as yeast, functionality of tagged proteins can be easily tested. In mammalian cells, the lack of efficient homologous recombination makes the functionality test difficult. Kittler et al. 16 demonstrated that expression of murine bacterial artificial chromosomes (BAC) in human cells provides a reliable method to create RNA interference (RNAi)-resistant tagged transgenes. In such cells, the endogenous human gene can be knocked down by RNAi, while the corresponding murine gene expressed from the integrated BAC resists the RNAi treatment. We expressed murine Sgo1-TAP at physiological levels in HeLa cells from a BAC integrated into the HeLa genome 15 . This allowed us to determine whether the murine Sgo1-TAP was able to complement functionally the phenotype caused by depletion of the endogenous human Sgo1. As a control we used HeLa cells expressing untagged murine Sgo1 from a BAC integrated into the HeLa genome. Depletion of Sgo1 in HeLa cells by RNAi leads to precocious separation of sister chromatids 17, 18 . In contrast, in RNAi-treated cells expressing the murine SGO1-TAP transgene, the levels of precocious sister chromatid separation dropped considerably toward wild-type levels ( Fig. 1 ). These results demonstrate that the murine Sgo1-TAP is functional in HeLa cells as the SGO1-TAP transgene prevented precocious separation of sister chromatids caused by depleting endogenous human Sgo1 by RNAi. Notably, the rescue of the RNAi phenotype of SGO1 by BAC transgenesis also confirms the specificity of the RNAi experiment 17 . In addition to HeLa cells described here, we have succeeded in generating BAC-transgenic U2OS cells with the same protocol (data not shown). Given the fact that other BAC-transgenic cell lines, including mouse ES cells, have been successfully generated, it is likely that BAC-transgenic clones can also be generated from many different cells. However, it is probable that for other cell lines, different transfection protocols have to be used for the delivery of the BAC DNA.
As an example of possible applications for this system, we used murine Sgo1-TAP expressed from a BAC integrated into the HeLa genome to identify proteins that interact with Sgo1 in mitotic cells. Murine Sgo1-TAP, but not a control protein KIAA1387-TAP, associated with a specific form of protein phosphatase 2A (Tables 1 and 2 ). This finding helped us to elucidate the mechanism by which Sgo1 protects centromeric cohesion 15, 19 . Notably, endogenous human Sgo1 also associated with murine Sgo1-TAP, suggesting that Sgo1 proteins form homo-oligomers (Table 1) . Thus, our protocol also allows detection of oligomer formation of the tagged protein.
Here, we describe an optimized TAP purification protocol with detailed instructions. We also describe our mass spectrometry (MS) protocol (Step 20A) and our SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and silver staining protocol to visualize purified proteins (Step 20B; Fig. 2 ), which we have developed specifically for our target protein but could potentially be adapted for other proteins. . 75 mm ID Â 150 mm length nano separation column (PepMap, C18, 3 mm particle size, 100 Å pore size, Dionex)
. The collision energy is set automatically depending on the mass of the parent ion.
PROCEDURE
Preparation of HeLa cell extract 1| Grow 8 liters of HeLa-S3 cells in roller bottles with DMEM medium supplemented with 10% fetal calf serum, 0.2 mM L-glutamine, 100 U ml À1 penicillin and 100 mg ml À1 streptomycin to a density of about 1Â10 6 cells ml À1 .
2| Pellet cells by centrifugation (500g for 5 min at 4 1C) and discard the supernatant.
3|
Wash the pellet by resuspending the cells with 100 ml of ice-cold PBS gently by pipetting and repeating the centrifugation in Step 2. Repeat the wash once. ' PAUSE POINT Cell pellets can be frozen in liquid nitrogen and stored at À80 1C for several days.
4| Resuspend the cells in 200 ml of ice-cold extraction buffer and transfer the cell suspension into the pre-chilled Dounce homogenizer.
5| Homogenize cells with 25 strokes in a Dounce homogenizer with a tight-fitting pestle and incubate on ice for 5 min; repeat the homogenization one more time. 8| Filter the supernatant through a sterile Millex syringe-driven filter (pore size: 0.45 mm) at 4 1C and proceed directly to protein complex purification. ? TROUBLESHOOTING Protein complex purification 9| Wash 500 ml of IgG sepharose beads using a poly-prep chromatography column twice with 10 ml of lysis buffer at 4 1C.
10|
Add the cell extract from step 8 to washed IgG beads from step 9 and incubate for 2 h at 4 1C on a rotating wheel. ? TROUBLESHOOTING 11| Wash beads twice with 10 ml of ice-cold lysis buffer at 4 1C (all washing steps are performed on poly-prep chromatography column).
12| Wash beads with 10 ml of ice-cold lysis buffer without inhibitors at 4 1C.
13| Wash beads with 10 ml of ice-cold TEV cleavage buffer at 4 1C.
14|
Resuspend beads in 2 ml of ice-cold TEV cleavage buffer and add 50 ml of AcTEV protease (Invitrogen); incubate at 16 1C for 2 h (alternatively at 4 1C for 16 h) on a rotating wheel. ? TROUBLESHOOTING 15| Wash 70 ml of calmodulin sepharose beads (Amersham Biosciences), using a column (Bio-Rad), twice with 10 ml of calmodulin binding buffer at 4 1C.
16|
Collect the TEV eluate (flow-through) from step 14 and adjust CaCl 2 to 3 mM final concentration.
17| Add 6 ml of calmodulin binding buffer to the TEV eluate and transfer to the washed calmodulin beads from Step 15 and incubate for 2 h at 4 1C on a rotating wheel.
18| Wash beads with 10 ml of ice-cold calmodulin binding buffer at 4 1C.
19| Wash beads twice with 10 ml of ice-cold calmodulin binding buffer-2 at 4 1C.
20| Submit one half of the calmodulin beads for MS analysis (option A); use the remaining calmodulin beads for SDS-PAGE and silver staining (option B). If using option B, see also the protocol by Schagger 20 . ' PAUSE POINT Calmodulin beads can be frozen in liquid nitrogen and stored at À80 1C for several days. m CRITICAL STEP While the conventional TAP protocol uses EGTA to elute proteins from calmodulin beads, we were not able to efficiently elute proteins from calmodulin beads by EGTA. To overcome this limitation, we directly submitted calmodulin beads to tryptic digestion followed by MS analysis and we boiled calmodulin beads in SDS buffer for the SDS-PAGE and silver staining analysis. than 95.0% probability as specified by the Peptide Prophet algorithm 21 . Accept protein identifications if they can be established at greater than 95.0% probability and contain at least two identified peptides. Assign protein probabilities by the Protein Prophet algorithm 22 . Group the proteins that contain similar peptides and cannot be differentiated based on MS/MS analysis alone to satisfy the principles of parsimony. 
TIMING
The protein complex purification protocol (Steps 2-20) can be completed in 1 day.
Step 1: growing HeLa cells, about 3 days Steps 2 and 3: harvesting HeLa cells, 2 h Steps 4-20: protein complex purification, 11 h
Step 20A(i)-(vi): tryptic digest, 1.5 days
Step 20A(vii) and (viii): nano HPLC and MS, 5 h
Step 20A(ix): database search, 4 h
Step 20B: SDS-PAGE and silver staining, 3 h
? TROUBLESHOOTING Troubleshooting advice can be found in Table 3 .
ANTICIPATED RESULTS
We developed this TAP protocol to optimize purification of proteins associated with mammalian Sgo1 15 . Although each protein has unique properties, we believe that our TAP protocol should be applicable to other proteins. However, the functionality test of TAP-tagged murine transgenes is limited to those where human homologs can be identified. In some cases, artifactual binding partners may be identified owing to differences between human and mouse proteins. Although the conventional TAP tag has proven to be a very useful tool for protein complex purification, alternative affinity binding moieties are now available that may provide higher protein complex yield or allow for both protein isolation and live imaging of protein localization 6, 23 . 
